The investigational 9-valent viruslike particle vaccine against human papillomavirus (HPV) includes the HPV types in the quadrivalent HPV (qHPV) vaccine (6, 11, 16, and 18) and five additional oncogenic types (31, 33, 45, 52, and 58). Here we present the results of a study of the efficacy and immunogenicity of the 9vHPV vaccine in women 16 to 26 years of age.
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T h e ne w e ngl a nd jou r na l o f m e dicine T he human papillomavirus (HPV) causes premalignant and malignant lesions of the cervix, 1,2 vagina, 3, 4 vulva, 4, 5 anus, 4, 6 penis, 7 and oropharynx, 8 as well as genital warts. 9, 10 The recent development of prophylactic vaccines directed against the most relevant disease-causing HPV types has helped to prevent diseases related to HPV. 11 In clinical trials, the bivalent HPV viruslike particle vaccine against HPV types 16 and 18 was efficacious against related infection with these types and against cervical dysplasia, 12 and the quadrivalent HPV viruslike particle vaccine against types 6, 11, 16, and 18 was efficacious against related infection and against cervical, vaginal, vulvar, and anal dysplasia and against condyloma related to HPV-6 and 11. [13] [14] [15] [16] [17] Post-licensure reports from countries with established HPV vaccination programs indicate that HPV vaccination has a beneficial effect at the population level as early as 3 years after the introduction of an HPV vaccination program, including decreases in the incidence of high-grade cervical abnormalities, [18] [19] [20] [21] the prevalence of vaccine HPV types, [22] [23] [24] and the incidence of genital warts. [25] [26] [27] [28] [29] Analyses of clinical trial and post-licensure safety data have not identified safety concerns associated with HPV vaccination. [30] [31] [32] [33] [34] [35] [36] [37] Current HPV vaccines address approximately 70% of cervical cancers through protection from HPV-16 and HPV-18. Partial cross-protection against nonvaccine HPV types has been reported for both licensed vaccines, although the clinical significance of the partial cross-protection remains uncertain. 38 The investigational 9-valent HPV viruslike particle (9vHPV) vaccine addresses the four HPV types (6, 11, 16, 18) that are in the quadrivalent HPV vaccine plus five additional oncogenic types (31, 33, 45, 52, and 58) . The 9vHPV vaccine offers the potential to increase overall prevention of cervical cancer from approximately 70% to approximately 90%. 2, 39, 40 Here we report the findings of an efficacy and immunogenicity study of the 9vHPV vaccine.
Me thods

Study Design
We conducted a randomized, international, multicenter, double-blind study of the immunogenicity, efficacy, and side-effect profile of the 9vHPV vaccine in women 16 to 26 years of age. The study was based on a phase 2-3 adaptive design (see the Supplementary Appendix, available with the full text of this article at NEJM.org). An initial group of 1242 women were randomly assigned to receive one of three doses of the 9vHPV vaccine or a qHPV vaccine control. A larger group of 13,598 women were then randomly assigned to receive either the 9vHPV vaccine at the dose selected on the basis of results in the initial group or the qHPV vaccine control. The efficacy study included these 13,598 women together with the 307 women in the initial group assigned to receive the 9vHPV vaccine at the dose selected and the 310 women in the initial group assigned to the qHPV vaccine, representing a total of 14,215 women ( Fig. S1 and S2 in the Supplementary Appendix).
Since HPV vaccination is widely recommended and has been shown to prevent HPV disease related to oncogenic HPV types, the use of a placebo was not considered to be acceptable for ethical reasons. Consequently, the study used the qHPV vaccine as an active comparator. Participants were eligible if they had no history of an abnormal result on a Papanicolaou (Pap) test, no more than four lifetime sexual partners, and no previous abnormal finding on cervical biopsy.
Study Oversight
The study was conducted in accordance with principles of Good Clinical Practice and was approved by the institutional review board at each participating institution and by regulatory agencies. Written informed consent was provided by all adult participants and by a parent or legal guardian of participants who were minors. A scientific advisory committee comprising both academic and sponsor (Merck) investigators developed the protocol (available at NEJM.org), formulated the statistical analysis plan, analyzed and interpreted the data, and wrote the manuscript. The external data and safety monitoring committee whose members were aware of the group assignments assessed safety findings throughout the study. All the authors vouch for the completeness and accuracy of the data and analyses presented. * Plus-minus values are means ±SD. The baseline characteristics of the two study groups were similar. The quadrivalent human papillomavirus (HPV) vaccine (qHPV) targets HPV types 6, 11, 16, and 18; the 9-valent viruslike particle vaccine (9vHPV) targets the HPV types in the qHPV vaccine and five additional oncogenic types (31, 33, 45, 52, and 58) . PCR denotes polymerase chain reaction. † The percentages for the number of lifetime sexual partners were calculated on the basis of the number of participants for whom there were data on sexual history at enrollment (7102 in the 9vHPV group and 7108 in the qHPV group). ‡ Participants may have used more than one contraceptive method. A participant is counted once within a category and may be counted in more than one category. The percentages for the numbers of participants who used contraceptives were based on the number for whom this information was available (7102 in the 9vHPV group and 7104 in the qHPV group). § Positivity was defined as an anti-HPV titer on immunoassay of at least 30, 16, 20, 24, 10, 8, 8, 8 , and 8 for HPV types 6, 11, 16, 18, 31, 33, 45, 52 , and 58, respectively. The numerator in this category represents the number of HPV-positive participants, and the denominator the total number of participants with assay results that could be evaluated. * The total number of participants (N) includes those who received at least one dose of a study vaccine; the no./total no. refers to the number of participants with an end point among the participants who received at least one dose of a study vaccine and had at least one followup visit. The modified intention-to-treat population consisted of participants who received at least one dose of vaccine and for whom there was at least one measurement of efficacy for the end point being analyzed. The per-protocol efficacy population consisted of participants who received all three doses of vaccine within 1 year, were HPV-uninfected (i.e., were seronegative at day 1 and had negative results on PCR assays for all HPV types tested from day 1 through month 7) to the vaccine HPV type being analyzed, and had no protocol violations. CI denotes confidence interval. † This category includes high-grade cervical epithelial neoplasia, adenocarcinoma in situ, cervical cancer, high-grade vulvar intraepithelial neoplasia, high-grade vaginal intraepithelial neoplasia, vulvar cancer, and vaginal cancer. ‡ The nine vaccine HPV types are 6, 11, 16, 18, 31, 33, 45, 52, and 58. Participants with end-point conditions related to the nine vaccine HPV types were those who at any time during the study received a diagnosis of the indicated disease related to any of the nine HPV types included in the vaccine and, in addition, did not receive a diagnosis of the indicated disease at any time during the study that was not related to one of the nine HPV types included in the vaccine. Participants with end-point conditions were counted only once and in only one of these two categories. The sum of case counts in these two categories is equal to the number of end-point cases irrespective of HPV type. § The risk reduction shown represents the sample-size-weighted average of the risk reduction in the HPV-uninfected and the HPV-infected subgroups. The HPV-uninfected subgroup consisted of participants who had the following characteristics on day 1: a negative finding for squamous intraepithelial lesions, a seronegative finding for the nine vaccine-HPV types, and negative results on PCR assays for all HPV types tested during the study (types 6, 11, 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, and 59). The HPV-infected subgroup consisted of all participants who were not in the HPV-infected subgroup. ¶ Persistent infection was defined as detection of the same HPV type in a genital swab or tissue specimen collected on two or more consecutive visits, with an interval of at least 6 months (±1 month) between the visits. Vaccines were administered as a 0.5-ml intramuscular injection in three doses, on day 1 and at month 2 and month 6. Information on randomization to a vaccine group is available in the Supplementary Appendix. At study vaccination visits, all participants received a vaccination report card on which they recorded oral temperatures on each of the 5 days after vaccination and adverse events related to the injection site as well as systemic adverse events on each of the 15 days after vaccination.
Follow-up
Swabs of labial, vulvar, perineal, perianal, endocervical, and ectocervical tissue and Pap test (ThinPrep; Hologic) samples were collected on day 1 and at months 7, 12, 18, 24, 30, 36, 42, 48, and 54. Swabs were tested for HPV types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 , and 59 by means of a polymerase-chain-reaction (PCR) assay to identify participants who had an active HPV infection at enrollment and to determine end points for HPV infection. Participants with an abnormal result on a Pap test were referred for colposcopy according to a protocol-mandated triage algorithm ( Fig. S3 in the Supplementary Appendix). Histologic sections were first reviewed for clinical management by pathologists at a central laboratory (Diagnostic Cytology Laboratories) who were unaware of the patient's treatmentgroup assignment and HPV status and were then reviewed for the determination of end points by an adjudication panel of four pathologists who were unaware of the vaccination assignment.
Primary Hypotheses and End Points
The primary efficacy hypothesis was that, as compared with the qHPV vaccine, the 9vHPV vaccine would reduce the combined incidence of several conditions related to HPV-31, 33, 45, 52, and 58 in women 16 to 26 years of age who were seronegative on day 1 and for whom there were negative results on PCR assays for the relevant HPV type from day 1 through month 7. These conditions (the study end points) were high-grade cervical intraepithelial neoplasia, adenocarcinoma in situ, invasive cervical carcinoma, high-grade vulvar intraepithelial neoplasia, high-grade vaginal intraepithelial neoplasia, vulvar cancer, and vaginal cancer. Determination of the end points was based on a consensus diagnosis, by a panel of at least two pathologists, of high-grade cervical, vulvar, or vaginal disease and the detection of HPV-31, 33, 45, 52, or 58 DNA in an adjacent histologic section of the same biopsy specimen. 14 It was anticipated that the 9vHPV vaccine and the qHPV vaccine would be similarly efficacious in preventing disease related to HPV-6, 11, 16, and 18. Thus, it was determined that a direct comparison of the two vaccines on the basis of disease end points related to HPV-6, 11, 16, and 18 would be prohibitive in terms of study size. The primary analysis of 9vHPV vaccine efficacy with respect to end points related to HPV-6, 11, 16, and 18 was designed to determine whether 9vHPV was noninferior to qHPV with respect to immunogenicity. The primary immunogenicity hypothesis was that geometric mean titers for anti-HPV-6, 11, 16, and 18 in the 9vHPV vaccine group would be noninferior to the geometric mean titers in the qHPV vaccine group (as quantified with the use of a competitive Luminex immunoassay 41 ).
Statistical Analysis
The primary efficacy hypothesis was evaluated in the per-protocol efficacy population, which consisted of participants who received all three doses of vaccine within 1 year, did not have the HPV type being analyzed (i.e., were seronegative on day 1 and PCR-negative from day 1 through month 7), and had no protocol violations. Successful demonstration of the primary efficacy hypothesis required the lower boundary of the twosided 95% confidence interval of vaccine efficacy to be greater than 25%, where vaccine efficacy, or percent risk reduction, was calculated as 100 × (1 − incidence rate of types in 9vHPV ÷ incidence rate of types in qHPV). The 95% confidence interval of vaccine efficacy was calculated with the use of a binomial, distribution-based exact method. 42 With further assumptions relating to end-point accrual rate, losses to follow-up, and exclusion rate from the per-protocol efficacy population, we estimated that enrollment of approximately 7000 participants per group would be needed for the phase 3 efficacy study. 
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The study used a fixed-event design whereby the primary efficacy analysis would be performed when at least 30 primary efficacy end-point events had been observed. With at least 30 such events, the study would have power of 90% or more to show a lower boundary of the 95% confidence interval for the estimate of vaccine efficacy of more than 25%, with a one-sided type I error rate of 0.025, assuming that the true efficacy of the 9vHPV vaccine relative to qHPV vaccine is 83%. Case accrual was monitored by a statistician who was independent from the study team and aware of group assignments. No interim efficacy analysis was planned or conducted. Supportive efficacy analyses were performed in the modified intention-to-treat population, which included participants who received at least one dose of vaccine and for whom there was at least one measurement of efficacy for the corresponding end point. The modified intentionto-treat population included participants who were not HPV-infected at the time of vaccination and participants who were HPV-infected at the time of vaccination. The protocol-specified population of participants who were not HPV-infected included participants who on day 1 had no squamous intraepithelial lesions according to the results of a Pap test, were seronegative for the 9 HPV types in the 9vHPV vaccine, and had negative results on PCR assays for the HPV types tested during the study (HPV-6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) . Participants with an HPV-related disease on day 1 were not excluded from the modified intention-totreat population. The estimate of average risk reduction in the modified intention-to-treat population was calculated as the sample-size-weighted average of the percent risk reduction in the subgroup of the participants who were not HPVinfected and in the subgroup of participants who were HPV-infected. The sample-size-weighted average reduction in risk approximates the efficacy expected among participants with characteristics representing the "average" from the two subgroups.
The primary immunogenicity hypothesis was evaluated in the per-protocol immunogenicity population, which consisted of participants eligible for inclusion in the per-protocol efficacy population who received three doses of vaccine during prespecified visit intervals and from whom the 7-month serum sample was obtained within a prespecified interval. Successful demonstration of the primary immunogenicity hypothesis of noninferiority required the lower boundary of the two-sided 95% confidence interval of the ratio of the geometric mean titer (9vHPV:qHPV) to be greater than 0.67 for each of the anti-HPV types 6, 11, 16, and 18. In separate analyses of each anti-HPV type, the 95% confidence interval of the ratio for the geometric mean titer was derived from an analysis of variance model with log anti-HPV as the response and the vaccination group as the fixed effect. With the planned sample size, this study had a power of more than 99% to determine a ratio (9vHPV:qHPV) of the true geometric mean titer of at least 0.80 in a test of the primary immunogenicity hypothesis for HPV types 6, 11, 16, and 18.
R esult s
Study Population
A total of 14,215 participants underwent randomization for the efficacy portion of this study (Fig.  S1 in the Supplementary Appendix). The makeup of the populations for the efficacy and immunogenicity analyses is shown in Table S1 in the Supplementary Appendix. The baseline characteristics were similar in the two vaccination groups ( Table 1 ).
Figure 1 (facing page). Time to the Development of High-Grade Cervical Disease.
High-grade cervical disease was defined as grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma in situ. Data are shown for high-grade cervical disease related to human papillomavirus (HPV) types 31, 33, 45, 52, and 58 in the per-protocol efficacy population (Panel A) and the modified intention-to-treat population (Panel B). Data are also shown for high-grade cervical disease associated with HPV irrespective of the HPV type (i.e., vaccine-type or nonvaccine-type HPV) among participants who were HPV-uninfected on day 1 (Panel C) and in the modified intention-to-treat population (Panel D). The per-protocol efficacy population (the susceptible population) included participants who received all three doses of vaccine within 1 year, were seronegative on day 1 of the study, and had negative results on polymerase-chain-reaction (PCR) assays of the HPV type being analyzed from day 1 through month 7. The modified intention-to-treat population included all participants who underwent randomization, received at least one dose of vaccine, and had at least one measurement of efficacy; those who had prevalent cervical disease or infection with vaccine-type or nonvaccine-type HPV before study vaccination were not excluded. The HPV-uninfected population included those who received at least one dose of vaccine and who on day 1 had negative results on PCR assays for 14 HPV types, were seronegative for the 9 HPV types in the study vaccine, and had negative results for squamous intraepithelial lesions on Pap tests. The 9-valent HPV (9vHPV) vaccine is a recombinant vaccine against infection with HPV-6, 11, 16 
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Modified intention-to-treat efficacy analyses were performed at baseline on data from participants who were HPV-negative and those who were HPV-positive (according to PCR assays and serologic testing) ( * The per-protocol immunogenicity population included participants in the per protocol efficacy population who received three doses of vaccine during prespecified visit intervals and from whom the 7-month serum sample was obtained within a prespecified interval. P<0.001 for all comparisons between the 9vHPV vaccine and the qHPV vaccine. A test of the noninferiority of the 9vHPV vaccine to the qHPV vaccine with respect to GMT required the demonstration that the GMT with the 9vHPV vaccine was lower than the GMT with the qHPV vaccine by no more than a factor of 1.5 or, equivalently, that the lower boundary of the 95% confidence interval of the GMT ratio (9vHPV:qHPV) was greater than 0.67. The GMT, GMT ratio, and P values for the between-group differences in GMT were calculated with the use of analysis-ofvariance models. A successful noninferiority test for seroconversion required the demonstration of a statistically significant difference between 9vHPV and qHPV of no more than 5 percentage points or, equivalently, a lower boundary of the 95% confidence interval for the difference in percentages that was greater than −5%. The 95% confidence interval for the difference and the P values for seroconversion were calculated with the use of the Miettinen and Nurminen method. The term cLIA denotes competitive Luminex immunoassay, and mMU milli-Merck units (arbitrary units, defined in the Supplementary Appendix). * Included in the analysis are participants who underwent randomization, received at least one dose of vaccine, and had at least one follow-up visit related to the adverse event. † Adverse events were reported at any time during the study. ‡ Injection-site events were adverse events that were reported within 1 to 5 days after any vaccination. § Intensities of pain and itching were defined as mild if there was an awareness of the sign or symptom but it did not interfere with usual activities, as moderate if there was enough discomfort to cause interference with usual activity, and as severe if the pain or discomfort was incapacitating, rendering the participant unable to work or carry out usual activities. ¶ Systemic events were adverse events that were reported within 1 to 15 days after any vaccination. ‖ None of the deaths were considered by the study investigators to be vaccine-related. The five deaths in the 9vHPV vaccine group were the result of suicide (15 days after vaccination dose 1), acute lymphocytic leukemia (diagnosed ( Fig. 1, and Fig. S4 in the Supplementary Appendix). In the per-protocol efficacy population, the incidence of high-grade cervical epithelial neoplasia, adenocarcinoma in situ, and cervical cancer related to HPV types 31, 33, 45, 52 , and 58 was 0.1 per 1000 person-years in the 9vHPV group and 1.5 per 1000 person-years in the qHPV group (1 vs. 27 cases; efficacy, 96.3%; 95% CI, 79.5 to 99.8) ( Table 2 ). The incidence of persistent infection (i.e., lasting ≥6 months) related to 33, 45, 52, and 58 
Immunogenicity
Nearly 100% of participants in the per-protocol immunogenicity population underwent seroconversion to the 9vHPV vaccine types within 1 month after dose 3 ( Table S3 in the Supplementary Appendix). (For details on the persistence of antibody responses, see Tables S3 and S4 in the Supplementary Appendix.) According to the geometric mean titer, the noninferiority of the response to the 9vHPV vaccine as compared with the response to the qHPV vaccine for HPV-6, 11, 16, and 18 was established at 1 month after dose 3 (Table 3) . Numerically, the ratios for geometric mean titer for HPV types 6, 11, 16, and 18 ranged from 0.80 to 1.19, with ratios close to 1 for HPV-6 and 16, greater than 1 for HPV-18, and lower than 1 for HPV-11. The noninferiority of the seroconversion percentages for the 9vHPV vaccine relative to the qHPV vaccine for HPV types 6, 11, 16, and 18 was established 1 month after dose 3 ( Table 3 ). The number of cases of infection and disease associated with HPV-6, 11, 16, and 18 was similar in the 9vHPV group and the qHPV vaccine group ( Table S5 in the Supplementary Appendix).
Adverse Events
The recipients of the 9vHPV vaccine were more likely than the recipients of the qHPV vaccine to have adverse events related to the injection site (90.7% vs. 84.9%), with the most common events (incidence ≥2%) being pain, swelling, erythema, and pruritus (Table 4 ); more than 90% of these events were mild to moderate in intensity. Events of severe intensity were more common in the 9vHPV group. The frequency of systemic adverse events was generally similar in the two groups -55.8% in the 9vHPV vaccine group and 54.9% in the qHPV vaccine group. The most common systemic adverse events related to vaccination (incidence ≥2%) were headache, pyrexia, nausea, dizziness, and fatigue. Less than 0.1% of participants discontinued study vaccination because of a vaccine-related adverse event. All the serious adverse events are listed according to system organ class in Tables S6 and S7 in the Supplementary Appendix. Pregnancy was reported in 1192 participants in the 9vHPV group and 1129 participants in the qHPV group, and information on outcomes was available for approximately 85% of these pregnancies ( Table S8 in the Supplementary Appendix). The proportions of participants with live births, difficulty with delivery, spontaneous abortions, and late fetal deaths were similar in the two groups. Congenital anomalies were reported in a total of 32 infants and 9 fetuses (20 in the 9vHPV group and 21 in the qHPV group). No congenital anomaly was reported in the case of pregnancies with an estimated date of conception that was within 30 days before or after any vaccination (these pregnancies represented approximately 8% of the total number of pregnancies with known outcomes).
Discussion
The results of this study showed that the 9vHPV vaccine prevented cervical, vulvar, and vaginal disease and persistent infection associated with HPV-31, 33, 45, 52, and 58. Antibody responses to HPV-6, 11, 16, 18 among participants who received the 9vHPV vaccine were noninferior to those among participants who received the qHPV vaccine. The incidence of disease related to HPV-6, 11, 16, and 18 was similar in the two vaccine groups. Therefore, we infer that the efficacy of the 9vHPV vaccine against disease related to HPV-6, 11, 16, and 18 is similar to that of the qHPV vaccine. The rate of clinical adverse events was generally similar in the two vaccine groups. The frequency of adverse events related to the injection site was higher in the 9vHPV group than in the qHPV group. This result was anticipated, since the amounts of HPV viruslike particle antigens and AAHS adjuvant are higher in the 9vHPV vaccine than in the qHPV vaccine. Most adverse events related to the injection site were mild or moderate in intensity. Few participants discontinued study vaccination because of a vaccine-related adverse event.
Measures were taken to enhance the accuracy, reproducibility, and generalizability of our findings. Genital inspections, biopsies of suspicious external genital lesions, cytologic screening, and colposcopy with biopsy were performed regularly and frequently to obtain a high level of sensitivity for HPV-related lesions. A panel of expert pathologists who were unaware of the group assignments was enlisted to ensure the diagnostic accuracy of conditions designated as study end points. To ensure a high level of specificity, diagnoses required detection of HPV DNA in tissue sections. Generalizability was enhanced by enrollment of a diverse population of participants from developed and developing countries and by use of standard Pap screening. Prophylactic efficacy was similar across all regions and all ethnic and racial groups. The examination procedures used and the pathologists participating in this study were the same as those in the qHPV vaccine program. 14, 15 The modified intention-to-treat analyses of the efficacy of the 9vHPV vaccine against diseases associated with the vaccine HPV types revealed that all cases of high-grade disease detected in the 9vHPV group occurred in participants who were HPV-infected at baseline, which underscores the importance of vaccination before exposure to HPV. Both the 9vHPV and qHPV vaccines are prophylactic and are not expected to prevent disease in persons who are already infected with HPV. The per-protocol efficacy population in the current analysis is the most similar to the target group for prophylactic HPV vaccination.
A limitation of the current study is the lack of a placebo control group. Given the efficacy of HPV L1 viruslike particle-based vaccination, few disease end points associated with HPV-6, 11, 16, and 18 were expected in either vaccine group, a fact that precluded a direct comparison of the 9vHPV and qHPV vaccines for these vaccine types. Moreover, no minimum protective anti-HPV antibody titer has been identified. 43 Consequently, the efficacy findings associated with the licensed qHPV vaccine were extended to the investigational 9vHPV vaccine on the basis of its noninferior immunogenicity. With respect to the end points related to HPV-31, 33, 45, 52, and 58, the efficacy of the 9vHPV vaccine was determined on the basis of comparison with the qHPV vaccine group rather than with an unvaccinated population. Since the qHPV vaccine provides some crossprotection against these HPV types (especially HPV 31), 44, 45 the efficacy of the 9vHPV vaccine may have been underestimated.
Follow-up was limited in duration. Studies of the qHPV vaccine have not shown any evidence of waning immunity in long-term cohorts, 46 which suggests that 9vHPV vaccine may also offer longterm protection. Longer-term follow-up of participants vaccinated with the 9vHPV vaccine is needed to provide information on the durability of protection.
In conclusion, the results of this study showed that the prophylactic administration of 9vHPV vaccine prevented infection and disease associated with the vaccine HPV types. The effect of vaccination on the burden of cancer remains to be determined.
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